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(54) Dose modification proximity effect compensation (PEC) technique for electron beam 
lithography 



(57) A method of compensating for proximity effects 
in electron beam lithography systems is disclosed. An 
uncorrected dose profile is obtained for the pattern fea- 
tures to be introduced into a layer of electron beam sen- 
sitive material, including a determination of the clearing 
dose for the electron beam sensitive resist and the dose 
height for each edge of the pattern feature. Thereafter 
the incident dose of exposure energy for introducing an 
image of the pattern into a layer of electron beam sensi- 
tive material is adjusted by designating the clearing 
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dose for each edge of the pattern feature as a function 
of the dose height. The uncorrected dose profile for 
determining the dose height and the clearing dose is 
optionally obtained from a calibration step. Each feature 
is optionally partitioned into a plurality of subshapes and 
the incident dose of exposure energy is then adjusted 
for each edge of each subshape by designating the 
clearing dose for each edge of each subshape as a 
function of the dose height. 
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Description 

1 . Field of the Invention 

The present invention relates generally to electron 
beam lithography systems and, more particularly, to a 
method of compensating for proximity effects. 

2. Description of the Related Art 

In the technique of electron beam (e-beam) lithog- 
raphy, an electron beam is used to delineate the fea- 
tures of a semiconductor device by selectively 
irradiating a substrate coated with an electron-beam 
sensitive material (resist). The electron beam is shaped 
in a precise manner to define the required features of 
the semiconductor device in the resist. A pattern repre- 
senting the features of the semiconductor device is then 
developed in the resist. Electron beam lithography tech- 
niques utilize substrates of a variety of types including 
semiconductor wafers, and glass or metal plates. 

When an electron beam penetrates a material, 
such as the electron-beam sensitive resist, not all of the 
electrons in the beam deposit their energy completely in 
the resist and come to rest in the substrate. Some of the 
electrons are scattered by collisions with atoms at the 
surface of the substrate, causing such electrons to be 
deflected back (backscattered) through the resist and, 
thereby, exposing a larger region of the resist layer than 
had originally been intended. The scattering of elec- 
trons due to collisions with substrate atoms is termed 
long range scatter, since the electrons can be backscat- 
tered distances on the order of several microns. For 
example, in an incident electron beam with an exposure 
energy of 40 keV (kilo electron volts), traveling through 
a layer of electron beam sensitive resist covering a sili- 
con surface, some of the electrons which impact the sil- 
icon surface and are backscattered will have long range 
scatter distances, back through the resist, approximat- 
ing 5 jim. 

Electrons are also deflected (forward scattered) into 
the electron beam sensitive resist in regions adjacent to 
pattern areas, either from collisions between electrons 
and atoms in the resist material or because the expo- 
sure tool could not control the trajectory of all of the 
electrons in the beam. In particular, problems with the 
ability of the exposure tool to focus the e-beam as well 
as electron-electron interactions blurs the electron 
beam, so that small regions outside of the boundaries of 
the pattern areas also get exposed. The scattering of 
electrons due to collisions with resist atoms and/or scat- 
tering which results from the exposure tool are com- 
bined into one effect termed short range scatter. Short 
range scatter distances are smaller than long range 
scatter distances, by several orders of magnitude. For 
example, in an incident electron beam with an exposure 
energy of 40 keV (kilo electron volts), traveling through 
a layer of electron beam sensitive resist covering a sili- 
con substrate, some electrons will have short range 



scatter distances on the order of 1 00 nm. 

Thus, when the features of a pattern to be exposed 
in the electron beam sensitive resist are positioned 
close together, each feature area receives not only a 

5 direct dose of electron beam energy, which will herein- 
after be referred to as "the incident dose", but also a 
dose of irradiation due to both long and short range 
scatter. Consequently, areas of a pattern with closely 
positioned exposure regions receive larger exposure 

w doses from the same incident dose than do areas of a 
pattern with isolated exposure regions. This phenom- 
ena is referred to as the "proximity effect ". In the manu- 
facturing of VLSI (very large scale integrated) circuit 
masks and/or chips, using e-beam lithography, the prax- 
is imity effect causes deformations of the developed pat- 
tern features and is a major problem, particularly when 
feature sizes are submicron. 

Traditionally, corrections for proximity effects have 
been divided into two distinct adjustments which are 

20 discussed below. A first adjustment is related to the con- 
trast between exposed and unexposed areas of elec- 
tron beam sensitive resist and reduces proximity effects 
attributable to long range scatter. The term contrast as 
used in this disclosure compares the thickness of a 

25 layer of electron beam sensitive resist as deposited to 
the thickness of this same layer after a pattern has been 
exposed and developed in it. A pattern with an exposed 
and developed resist thickness that approximates the as 
deposited resist thickness, possesses high contrast. 

30 The second adjustment changes the widths of the fea- 
tures to be exposed in the electron beam sensitive 
resist, thereby, correcting for proximity effects attributa- 
ble to short range scatter. 

Pattern feature contrast has been improved and the 

35 long range scatter of electrons reduced through tech- 
niques such as, for example, dose modification meth- 
ods. The basic idea underlying dose modification 
proximity effect correction techniques is to reduce the 
incident dose for features that receive backscatter (long 

40 range scatter) exposure so that ideally, all intentionally 
exposed objects receive the same total exposure dose. 
Dose modification methods will be further explained 
with the following illustrative example. With reference to 
FIG. 1, there is depicted a pattern design 5 containing 

45 several features 10, to be exposed in electron beam 
sensitive resist (not shown) deposited on a substrate 
(not shown). Each of the rectangular shaped features 
10 has a different width as do each of the gaps 15 
located between each feature 1 0. When a pattern such 

so as the one depicted in FIG. 1 is exposed in positive tone 
resist material, the e-beam only irradiates those regions 
corresponding to the gaps 15 between each of the fea- 
tures 10. Thereafter, when the resist layer is developed, 
electron beam sensitive material covers those regions 

55 corresponding to the features 1 0. 

An incident dose profile 19 is shown in FIG. 2, illus- 
trating a cross-sectional view of an undeveloped resist 
layer into which an image of the features 10 pictured in 
FIG. 1 , has been introduced with an incident dose of 
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exposure energy. The incident dose energy for the elec- 
tron beam is plotted on the vertical axis, while pattern 
position including feature geometry and gap spacings 
are depicted along the horizontal axis. Each feature 10 
from FIG. 1 corresponds to a trench 30 illustrated in s 
FIG. 2, while the gaps 15 correspond to peaks 25. Trie 
solid horizontal line represents the clearing dose 20 for 
a particular electron beam sensitive resist for example, 
positive tone electron beam resist. The clearing dose 20 
is the dose of electron beam energy required to com- w 
pletely expose a pattern in a resist layer of a particular 
thickness. Any area of the pattern that receives an inci- 
dent dose higher than the clearing dose 20, such as the 
peaks 25 corresponding to gaps 15, are completely 
cleared of the resist upon development, while those 15 
areas of the pattern that receive an incident dose below 
the clearing dose 20, such as the trenches 30 corre- 
sponding to features 10, will not be cleared of the resist. 
Thus, with reference to incident dose profile 19 a layer 
of electron beam sensitive resist into which the pattern 2 o 
of FIG. 1 is exposed and developed (not shown), has 
raised rectangular features corresponding to the 
trenches 30 and clear areas corresponding to the peaks 
25. The intersection of the clearing dose 20 line across 
trenches 30 on the dose profile 19, correspond to the 25 
edges of each developed resist feature 10. The width of 
each developed resist feature 10 corresponds to the 
width of trench 30, where it is bifurcated by the clearing 
dose line. 

In contrast to incident dose profile 19, FIG. 3 illus- 30 
trates the total dose profile 35 for the features 1 0 of FIG. 
1 , showing the actual exposure energy introduced into 
the undeveloped layer of resist, including proximity 
effects attributable to long range scatter. The total dose 
of exposure energy introduced into the layer of resist is 35 
plotted on the vertical axis, while the pattern position 
including feature geometry and gap spacing are again 
depicted along the horizontal axis. Clearing dose 20 is 
identical to the clearing dose of FIG. 2. The trenches 43 
and 44 of the total dose profile 35 correspond to the fea- 40 
tures 10 of FIG. 1, while the peaks 45 correspond to the 
gaps 1 5. Long range scatter creates a large background 
dose level 37 in high pattern density regions, such as 
high pattern density region 38. High pattern density 
regions are pattern regions where the areas that are 45 
exposed to the electron beam energy are located on 
both sides of a much smaller pattern area that is not 
exposed (e. g., feature 10 located between two gaps 
15). Thus, for high pattern density regions, such as high 
pattern density region 38, pattern feature contrast is so 
reduced, since such areas receive an additional dose of 
radiation due to the scattering of electrons. Such 
reduced pattern feature contrast, is depicted for an 
undeveloped layer of electron beam sensitive material, 
by difference 39 shown on FIG. 3. Difference 39 shows ss 
that the increased exposure dose due to scattered elec- 
trons in high pattern density regions, has shifted the 
amount of exposure energy received at trench 43, to be 
much nearer to the value of the clearing dose 20, than 



for a low pattern density region, such as low pattern 
density region 42. Long range scatter has a negligible 
effect on the pattern feature contrast in low pattern den- 
sity regions, as shown by differences 40 and 41 , where 
the amount of exposure energy introduced into the 
resist layer has shifted the bottom of the trenches 44 
only slightly closer to the clearing dose 20. For a devel- 
oped layer of electron beam sensitive material (not 
shown), pattern feature contrast relates the difference in 
the thickness between unexposed areas of the resist 
layer as compared to their original deposited thick- 
nesses. 

FIG. 4 illustrates a dose modification proximity 
effect correction profile 50, where the dose modification 
proximity effect correction method has been performed 
for the features shown in FIG. 1. The modified incident 
dose of exposure energy introduced into the undevel- 
oped resist layer is plotted on the vertical axis, and the 
pattern position including feature geometry and gap 
spacing are depicted along the horizontal axis. Clearing 
dose 20 is identical to the clearing dose of FIG. 3. The 
trenches 60 of dose modification proximity effect correc- 
tion profile 50 correspond to the raised features 10 of 
FIG. 1, while the peaks 55 correspond to the gaps 15. 
The modified incident dose energy level 56, introduced 
across the peaks 55, reduces the background dose 
level for the resist layer in the high pattern density region 
62 surrounding trench 60. The pattern feature contrast 
for an undeveloped layer of electron beam sensitive 
material, as depicted by difference 57, is larger than dif- 
ference 39 in FIG. 3, due to a decrease in the exposure 
dose attributable to backscattered electrons introduced 
into the resist layer of feature 10, at trench 60. 

The dose modification proximity effect correction 
method illustrated in FIG. 4 employs an iterative 
scheme utilizing an equation, such as, for example, 
equation (1), representing a phenomenological trans- 
port equation, relating the incident and backscattered 
doses as: 

D r W=D l «+Jd 2 i-D I (0p b (|r-r'D (1) 

where D^r) represents the resultant (total) exposure 
dose received at position r, including scatter; Dj(r) repre- 
sents the incident exposure dose at position r; and the 
integral represents the sum of doses received at posi- 
tion r from adjacent positions r' due to backscattering. 
(See, "Efficiency of electron-beam proximity effect cor- 
rection", J. Vac. Sci. Technol . B 11(6), Nov/Dec 1993, 
authored by T. R. Groves and incorporated herein by 
reference). Dose modification methods solve equation 
(1) by first designating a desired resultant dose D r , 
greater than the clearing dose but less than the uncor- 
rected total dose illustrated in FIG. 3, and then comput- 
ing the incident dose Dj required to produce the 
designated resultant dose. Successive iterations are 
performed until D ( converges and identifies a single 
dose, at which all of the pattern features are then uni- 
formly exposed (e. g., modified incident dose level 56 
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introduced across the peaks 55 of FIG. 4). Basically, the 
above described dose modification proximity effect cor- 
rection method reduces the background dose in high 
pattern density regions by exposing the resist using a 
lower incident exposure dose, thus, widening the dose 
gap between all exposed and unexposed areas of the 
layer of electron beam sensitive resist, and reducing the 
demands on resist contrast. Reducing the demands on 
resist contrast alleviates other problems associated with 
the formation of resist features on the surface of a sub- 
strate, such as deformations in the developed pattern 
features introduced by small changes to the incident 
dose energy as well as to changes in the parameters 
(e.g., the time of the development, and the concentra- 
tion and temperature for the development solution) 
associated with the development of the electron beam 
sensitive resist material. 

However, as feature dimensions shrink proximity 
effect corrections which only improve the contrast 
between exposed and unexposed areas of a layer of 
electron beam sensitive resist, such as dose modifica- 
tion methods, are not sufficient for critical dimension 
control. Critical dimension control refers to the linewidth 
differences of a feature as designed, compared to the 
developed linewidth dimensions of the same feature. 
For any developed feature, the slope of the resist wall is 
determined by the scattering characteristics in the resist 
and the blur of the incident electron beam (short range 
scatter). The scattering effects attributable to electron- 
resist interactions and electron beam blur are greater at 
the top of a resist feature, thus, increasing the radiation 
dose of the resist in these areas, and producing expo- 
sure dose profiles that have peaks with wider dimen- 
sions at their base than at their top (for positive tone 
materials) such as, for example, an undeveloped submi- 
cron feature represented by the peaks 72, 74, and 76, 
illustrated in FIG. 5A. 

When the short range scatter effects are small com- 
pared to the minimum feature size of the pattern, then 
all of the features are developed at or near the as 
designed dimensions. However, as feature dimensions 
shrink, the short range scatter effects cannot be 
neglected. FIG. 5 A illustrates the exposure dose profile 
70 for an undeveloped submicron feature comparing 
three different background exposure levels. The incident 
dose energy introduced into the layer of electron beam 
sensitive resist is plotted on the vertical axis, while the 
feature width is depicted along the horizontal axis. The 
horizontal line again represents the resist clearing dose 
20. A pattern representative of dose profile 70 is illus- 
trated in FIG. 5B, where the incident dose of electron 
beam energy has beenintroduced into a layer of elec- 
tron beam sensitive material 81 located on the surface 
of a substrate 80 and the pattern developed. The top of 
each peak 72, 74, and 76 in FIG. 5A corresponds to 
open areas 82, 84, and 86 respectively, in the resist 
layer of FIG. 5B, The valleys on each side of peaks 72, 
74, and 76 correspond to the resist material 81 . The 
width of each open area 82, 84, and 86 corresponds to 



the width of the respective peak 72, 74, and 76 bifur- 
cated by the clearing dose 20. Any point that receives 
more than the clearing dose 20 is completely cleared of 
resist and any point below this level has resist remaining 

s thereon. The wall profiles for peaks 72, 74, 76 are not 
vertical, due to short range scatter, so as the incident 
dose or the background level is varied, the point at 
which the clearing dose intersects the wall profile 
changes, creating open areas 82, 84, and 86 with vary- 

w ing widths. For example, the open area 82 that corre- 
sponds to the peak with the largest background dose, 
peak 72, has dimensions larger than the open area 86 
that corresponds to the peak with the smaller back- 
ground dose, peak 76. Thus, open areas 82 and 86 are 

?5 wider and narrower, respectively, than their as designed 
dimensions. However, peak 74, which depicts the clear- 
ing dose 20 as intersecting the background dose level at 
the half-way point of the dose profile, creates an open 
area 84 whose dimensions are equivalent to the as 

20 designed value. 

Biasing methods are used to correct proximity 
effects attributable to short range scatter. Biasing 
merely adjusts (makes larger or smaller) the widths of 
the shapes to be exposed in order to correct for pre- 

25 dieted dimension deviations expected in the developed 
features. For example, if a 1.0 u.m pattern feature after 
development has a dimension of 0.85 ^m, biasing 
adjusts (makes larger) the width at which the pattern 
feature is exposed in order to compensate for the 

30 dimension reduction due to the short range scattering of 
electrons. A major problem encountered when correct- 
ing for short range scatter with biasing techniques, is 
that the shape of the short range exposure profile, such 
as, for example, dose profile 70, must be known pre- 
ss cisely in order to adjust the feature dimensions. It is par- 
ticularly difficult to obtain this information, since the 
exposure profile is dependent upon resist properties, 
exposure tool properties and exposure conditions, such 
as, for example, the beam current. In addition, biasing 

40 changes the pattern density, which impacts the dose 
modification result, so that for proximity effect correc- 
tions utilizing dose modification and biasing methods, 
both correction procedures may have to be repeated 
several times. Accordingly, proximity effect correction 

45 methods that are simple and accurate are still being 
sought. 

Summary of the Invention 

so The present invention is directed to a method which 
compensates for proximity effects attributable to both 
short range and long range scatter. Short range scatter 
effects are reduced by designating the clearing dose for 
an edge of a raised pattern feature, as a function of the 

55 dose height. The dose height as used herein refers to 
the difference on a dose profile in the dose energy, at 
two different points separated a vertical distance on the 
edge of a pattern feature. In one example, dose height 
is the difference between the dose at the bottom and the 
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dose at the top of a line on a dose profile that corre- 
sponds to a pattern feature edge. Since the dose height 
is the difference between the two doses at the edge of a 
pattern feature, it follows that the larger of the two doses 
used to determine the dose height is greater than the 
clearing dose and the smaller of the two doses is less 
than the clearing dose. For example, with reference to 
points 58 and 59 on FIG. 4, the dose height is the differ- 
ence in the dose energy between point 58 and point 59. 
The designation of the clearing dose as a function of the 
dose height is advantageous because the point at which 
the clearing dose intersects the edges of a pattern fea- 
ture determines the width of the developed resist struc- 
ture, and thus critical dimension control is maintained 
with respect to the as designed pattern feature widths. 

Long range scatter effects are reduced by adjusting 
the incident exposure dose individually at the edge of 
each raised pattern feature as a function of the pattern 
density. As such, depending on the density of pattern 
features in an area surrounding the edges of a particu- 
lar pattern feature, the incident exposure dose used to 
introduce an image of the pattern feature into a layer of 
electron beam sensitive resist, is potentially different at 
each edge of the pattern feature. The adjustment of the 
incident exposure dose level at each edge of a pattern 
feature based on pattern density is advantageous 
because background dose levels are decreased in high 
pattern density areas, and are increased in low pattern 
density areas, improving resist contrast for both types of 
pattern areas. 

In one example of the method of the present inven- 
tion, an uncorrected dose profile is obtained for the pat- 
tern features to be introduced into a layer of electron 
beam sensitive material, including a determination of 
the clearing dose for the electron beam sensitive resist 
and the dose height at the edges of each raised pattern 
feature. Thereafter, the incident dose of exposure 
energy used to introduce an image of a pattern into a 
layer of electron beam sensitive material is adjusted, by 
designating the clearing dose for each edge of the pat- 
tern feature as a function of the dose height. 

The incident dose of exposure energy is adjusted at 
each edge of the pattern feature by successively iterat- 
ing a phenomenological transport equation such as, for 
example, equation (2) relating the incident dose, the 
long range scatter dose, and the short range scatter 
dose as: 

D r (r)=kD i (r)+Jd 2 r'D j (r')p b (|r.rl) (2) 

where D r (r) represents the clearing dose for the electron 
beam sensitive resist obtained from the uncorrected 
dose profile; Dj(r) represents the incident exposure 
dose at position r; the integral represents the sum of the 
doses received at position r from adjacent positions r* 
due to backscattering, including the backscatter spread- 
ing function represented by p b ; and constant k repre- 
sents the correction for the short range scattering of 
electrons. The constant k is an expression of the frac- 



tion of the dose height at which the clearing dose line 
intersects the dose height. As such, the short range 
scattering correction constant k with a value within the 
range 0 <k < 1, effectively allows the point where the 

5 clearing dose line intersects the dose height, to be var- 
ied. Since, for pattern feature width control, it is prefera- 
ble for the clearing dose line to intersect the dose height 
at the midway point, it is advantageous rf k s 0.5. 

The method of the present invention adjusts the 

io incident dose of exposure energy through the selection 
of a value for constant k, which determines the point 
where the clearing dose line intersects the dose height 
on a dose profile, representing the edge of the pattern 
feature. Thereafter, the incident dose D, required to pro- 

75 duce the selected clearing dose is determined from 
equation (2) where successive iterations are performed 
until Dj converges identifying the adjusted incident dose 
for introducing the image of the pattern feature edge 
into the resist. This process of adjusting the incident 

20 exposure dose is then repeated for each feature edge of 
the pattern feature and also for each pattern feature to 
be written with the electron beam tool. 

The method of the present invention optionally 
includes a calibration step for obtaining the uncorrected 

25 exposure dose profile which details a composite repre- 
sentation of long range and short range scatter effects 
for a test pattern exposed and developed in a layer of 
electron beam sensitive resist. The calibration step 
includes introducing an image of a test pattern into a 

30 layer of electron beam sensitive material, and, following 
the development of the test pattern, measuring the 
resist feature parameters to obtain the clearing dose 
and the dose height. Resist feature parameters useful 
for particular electron beam resist systems determined 

35 during the calibration step are optionally stored in a cen- 
tral processing unit (CPU) and used for adjusting the 
incident dose energy of subsequently written patterns. 

The pattern features of the present method are 
optionally partitioned into a plurality of subshapes. 

40 Thereafter the incident dose of exposure energy for 
introducing an image of each subshape into a layer of 
electron beam sensitive resist is adjusted for each edge 
of each subshape by designating the clearing dose for 
each edge of each subshape, as a function of the dose 

45 height. 

Other objects and features of the present invention 
will become apparent from the following detailed 
description considered in conjunction with the accom- 
panying drawings. It is to be understood, however, that 
so the drawings are designed solely for purposes of illus- 
tration and not as a definition of the limits of the inven- 
tion, for which reference should be made to the 
appended claims. 

55 Brief Description of the Drawing 

FIG. 1 is an illustrative example of a design contain- 
ing several features to be exposed in electron beam 
sensitive resist; 
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FIG. 2 is the dose profile for the cross-section of the 
features shown in FIG. 1 ; 

FIG. 3 illustrates the total exposure energy that is 
introduced into electron beam sensitive resist for 
the features of FIG. 1; s 
FIG. 4 illustrates a prior art dose modification prox- 
imity effect correction profile for the features of FIG, 
1; 

FIG. 5A illustrates short range scatter effects for a 
submicron feature comparing three different back- 10 
ground exposure levels; 

FIG. 5B represents the pattern of FIG. 5 A which 
has been exposed and developed in a layer of elec- 
tron beam sensitive resist; 

FIG. 6 is a block diagram of an electron beam 15 
lithography system; and 

FIG. 7 illustrates the disclosed dose modification 
proximity effect correction profile for the features of 
FIG. 1. 

20 

Detailed Description 

FIG. 6 shows an illustrative application of the 
present invention wherein a correction method for prox- 
imity effects is performed utilizing an electron beam 25 
lithography system, such as, for example, electron 
beam lithography system 100. Electron beam lithogra- 
phy system 100 includes computer assisted design 
(CAD) unit 102, preprocessor data converter 104, post- 
processor 106, proximity correction module 108, and 30 
electron beam writing tool 112. Such component parts 
will be discussed in conjunction with the following expla- 
nation of the disclosed correction method for proximity 
effects. Electron beam lithography system 100 option- 
ally couples a central processing unit (CPU) (not 35 
shown) to electron beam writing tool 112, where the 
computer assisted design (CAD) unit, preprocessor 
data converter, post-processor, and proximity correction 
module are incorporated in the CPU. 

One embodiment of the present correction method 40 
for proximity effects includes the step of generating a 
geometrical pattern containing features to be developed 
in a layer of electron beam sensitive resist, utilizing a 
computer assisted design (CAD) unit 102. Computer 
assisted design (CAD) equipment, incorporating soft- 45 
ware with hardware useful for the design of pattern fea- 
tures in electron beam lithography systems are well 
known, an example of which includes AutoCad. Compu- 
ter assisted design (CAD) unit 102 provides pattern 
data to preprocessor data converter 104, which option- so 
ally partitions the geometrical pattern data generated by 
the CAD unit into a plurality of subshapes, where each 
subshape has a specified size. For example, a line pat- 
tern generated with the computer assisted design 
(CAD) unit 1 02 having dimensions of 1 .0 x 0.5 ^m is ss 
partitionable into 50 subshapes having dimensions of 
0.1 \xm x 0.1 \im t which is also the typical address size 
(diameter) for the electron beam of an electron beam 
writing tool. For the example described above, the 



dimensions of each subshape are identical. However, 
subshapes need not have uniform geometries and the 
dimensions of individual subshapes are variable. Geo- 
metrical pattern data is optionally provided to preproc- 
essor data converter 104 through an interface (not 
shown) where the remote end (not shown) is assumed 
to be terminated in a central processing unit, or CAD 
equipment. 

Partitioned or unpardoned pattern data is provided 
to post-processor 1 06 from preprocessor data converter 
104, which functions together with proximity correction 
module 108 to determine the incident dose required to 
introduce an image of the geometrical pattern features 
into a layer of electron beam sensitive resist. First, post- 
processor 106 uses the pattern data provided by pre- 
processor data converter 104 to calibrate the relevant 
properties of the electron beam lithography system. The 
post-processor 106 calibration method includes expos- 
ing (writing) the set of specific pattern shapes into a 
layer of electron beam sensitive resist with the e-beam 
writing tool 112, and following the development of the 
pattern, measuring the resist features to obtain an 
uncorrected exposure dose profile which includes both 
long and short range scatter effects and which is similar 
to, for example, the dose profile of FIG. 3, as previously 
discussed. The electron beam sensitive resist features 
to be determined during the calibration process include 
the clearing dose and the dose height at each edge of 
each pattern feature. Optionally, resist feature parame- 
ters useful for particular electron beam resist systems, 
determined during this calibration step are stored in 
post-processor 106 to be used for subsequently written 
patterns. 

The post-processor calibration step provides the 
data necessary for proximity correction module 108, to 
adjust the incident exposure dose energy needed to 
introduce an image of the pattern features into a layer of 
electron beam sensitive resist, thereby correcting for 
effects attributable to long range and short range scat- 
tering. Corrections for both long range and short range 
scatter, do not have to be performed separately. As 
described below, if certain conditions are maintained it 
is possible to combine the steps of correcting for both 
types of scattering effects in a straightforward manner. 
Furthermore, the details of the short range scatter expo- 
sure profile, which are, for example, depicted in FIG. 5, 
are not necessary. 

The disclosed dose modification proximity effect 
correction method adjusts the incident dose of exposure 
energy for unpardoned pattern data at each edge of 
the pattern feature by successively iterating a phenom- 
enological transport equation such as, for example, 
equation (2) relating the incident exposure dose, the 
long range scatter dose, and the short range scatter 
dose as: 

D r (r)=kD j (r) + fd 2 r'D t (r')p b (|r-r'|) (2) 
where D r (r) represents the clearing dose for the electron 



6 



07/22/2004, EAST Version: 1.4.1 



11 



EP 0 812 000 A2 



12 



beam sensitive resist obtained from the uncorrected 
dose profile determined during the post-processor cali- 
bration step; Dj(r) represents the incident exposure 
dose at position r; the integral represents the sum of the 
doses at position r received from adjacent positions i* 
due to backscattering, including the backscatter spread- 
ing function represented by p b ; and constant k repre- 
sents the correction for the short range scattering of 
electrons. 

The short range scattering correction constant k is 
an expression of the fraction of the dose height where 
the clearing dose line intersects the dose height repre- 
senting the edge of a pattern feature. Constant k has a 
value within the range 0 <k < 1 , thus, effectively allowing 
the point where the clearing dose line intersects the 
dose height, to be varied. The short range scattering 
correction constant, k, eliminates the need to know the 
precise shape of the short range scatter energy distribu- 
tion, when k = 0.5, since this is the point where the width 
of a developed resist feature has dimensions equivalent 
to the as designed value. For example, the exposure 
dose profile D(x), for the edge of each pattern feature is 
described mathematically as, 

D(x) =f P(x*)<r>(x-x*) dx' (3) 

where P(x') is the short range scatter distribution func- 
tion and Ofx-x 1 ) is the step function. Since the step func- 
tion d>(x-x*) equals 1 at the edge of a pattern feature, 
equation (3) simplifies to 

D(x)=jP(x*)dx* . (4) 

A typical short range scatter distribution function is 
mathematically represented as Gaussian and radially 
symmetric as in equation (5), 

-(rV) 

P(x') = (l/a f 2 )e (5) 



where <r f is the short range scattering width. Thus, 
equations (4) and (5) are used to determine D(x), at x = 
0, the point at which proximity effects due to short range 
scatter equal zero. When x = 0, equation (4) reduces to 
D(x) = 0.5. Physically, this means that the short range 
scattering effects are eliminated at the halfway point of 
the exposure dose profile for the edge of a pattern fea- 
ture. As a result, the clearing dose should intersect each 
edge of a pattern feature halfway through the dose pro- 
file, in order to correct for short range scatter, which is 
also the point at which k = 0.5 and where the widths of 
the developed resist features have dimensions equiva- 
lent to the as designed value. 

The disclosed dose modification method deter- 



mines the adjusted incident dose. D jf needed to expose 
a particular edge of the pattern feature, by designating 
a value for constant k, and then solving equation (2) uti- 
lizing the clearing dose determined during the calibra- 

5 tion step, or optionally stored in post-processor 106. 
The value of constant, k, fixes the point at which the 
clearing dose will intersect the dose height on a dose 
profile and determines the width of the subsequently 
developed pattern feature. Successive iterations are 

10 performed until D { converges and identifies the incident 
dose for exposing that edge of the feature. This process 
of adjusting the incident exposure dose is then repeated 
for each edge of the pattern feature and for the edges of 
each pattern feature to be written with the electron 

15 beam writing tool 1 12. 

After the adjusted incident exposure dose for each 
edge of each pattern feature has been determined, 
such data is compiled in proximity correction module 
108 and subsequently provide to electron beam writing 

20 tool 1 1 2. Electron beam writing tool 112 thereafter intro- 
duces an image of the pattern features into a layer of 
electron beam sensitive resist. Thus, instead of expos- 
ing a pattern feature using a single incident exposure 
dose as illustrated in FIG. 4, which is representative of 

25 prior art methods, the disclosed method corrects effects 
attributable to both long range and short range scatter 
by varying the incident exposure dose across each pat- 
tern feature so that the clearing dose intersects the 
edge of the pattern feature as a function of the dose 

30 height, as shown in FIG. 7. 

FIG. 7 illustrates an adjusted dose profile 200, 
where the disclosed dose modification proximity effect 
correction method has been performed for the features 
1 0 of FIG. 1 . The adjusted incident dose energy intro- 

35 duced into the undeveloped resist layer is plotted on the 
vertical axis, and the pattern position including feature 
geometry and gap spacing are depicted along the hori- 
zontal axis. The trenches 216 of adjusted dose profile 
200 correspond to the raised features 10 of FIG. 1, 

40 while the peaks 204 correspond to the gaps 15. The 
solid line intersecting each trench 216 is the clearing 
dose 202. Differences 206, 208, and 210 represent the 
dose heights for the edges of each trench 216. The 
adjusted incident exposure dose 212 is varied across 

45 each peak 204, while the clearing dose 202 line bifur- 
cates each edge of each pattern feature as a function of 
the dose height. In the example depicted in FIG. 7, con- 
stant k = 0.5. The calculation of the corrected incident 
dose Dj results in the solid line representative of the 

so clearing dose 202 being positioned exactly half-way 
along each edge of each feature 10 represented by dif- 
ferences 206, 208, and 210, which is also equivalent to 
the as designed dimension widths for each of the fea- 
tures 10. 

55 While the disclosed proximity effect correction 
method has been described with respect to each edge 
of an unpardoned pattern feature, the above described 
method is also applicable to partitioned pattern data. 
For pattern data that has been partitioned into a plurality 
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of subshapes, the disclosed dose modification method 
adjusts the incident dose of exposure energy at each 
edge of a subshape by successively iterating equation 
(2) as previously discussed. Once the adjusted incident 
exposure dose for each edge of each subshape has 
been determined, the data is compiled in proximity cor- 
rection module 108 and subsequently provided to elec- 
tron beam writing tool 112, for later introduction into a 
layer of electron beam sensitive resist. 

It should, of course, be understood that while the 
present invention has been described in reference to an 
illustrative embodiment, other arrangements may be 
apparent to those of ordinary skill in the art. For exam- 
ple, while the disclosed embodiment calculates the 
clearing dose utilizing a phenomenological transport 
equation to relate the incident and scattered doses, 
other equations incorporating scattered and incident 
doses can be implemented. 

Claims 

1. Method for correcting proximity effects in an e- 
beam lithography system, the method comprising 
the steps of: 

applying an electron beam sensitive resist 
material onto a substrate; 
introducing an image of a pattern into the elec- 
tron beam sensitive resist material, wherein the 
incident dose of radiation used to introduce the 
image of the pattern into the resist material is 
adjusted by obtaining an exposure dose profile 
of the pattern, determining a dose height that 
corresponds to each edge of a feature in said 
pattern, determining a clearing dose for each of 
said edges of the feature as a function of said 
dose height, and then determining an incident 
dose of radiation based upon the clearing 
dose; and 

developing the image of said pattern. 

2. The method of claim 1 , wherein said exposure dose 
profile is obtained from a calibration process com- 
prising the steps of: 

applying an electron beam sensitive resist 
material onto a substrate; 
introducing an image of a test pattern into the 
electron beam sensitive resist material; 
developing the image of said test pattern; and 
determining the dose height and the clearing 
dose for said test pattern in the electron beam 
sensitive resist material. 

3. The method of claim 1 , wherein said dose profile is 
defined by the Gaussian equation, 



-(rV) 
P(x) = (l/a f 2 )e. 



10 

4. The method of claim 3, wherein the incident dose of 
radiation is determined from, D r (r)=kDj(r)+ 
fdVD,(r')p b (|rV|). 

15 5. The method of claim 4, wherein k is within the range 
0<k<1. 

6. The method of claim 4, wherein k = 0.5. 

20 7. The method of claim 1 , wherein the clearing dose is 
the value on the dose profile that intersects the 
dose height at the halfway point. 

8. The method of claim 1, wherein each feature is 
25 divided into a plurality of subshapes and the inci- 
dent dose of radiation is adjusted for each edge of 
said subshape. 
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